
1

These slides demonstrate that the presence of dust and organic 
carbon perturbs the retrieved BC concentration by less than 15%. 



Sokolik and Toon (1999)

Imaginary refractive index of dust (Quartz or Kaolinite with Hematite)

avg imag refindx at AERONET wavelengths
Hematite 4 λ 3 λ

1% 0.0017 0.0005
10% 0.018 0.0045

10 % Hematite

1 % Hematite

Dust absorption is weak at all AERONET wavelengths, except 440 nm. The 
average absorption for all four retrieval wavelengths is weak as well. 

• Avg refi w/ Bruggeman EMA at 4 AERONET wavelengths is 0.018 for 10% Hematite, 0.0045 for 3 longest 
wavelengths. Note that 10% represents a very large concentration of hematite.
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different aerosol types on the radiative balance, the key pa-

rameter to be explored is the single scattering albedo (Hansen

et al., 1997). The single scattering albedo of a single particle

is defined as:

! = Qscat

Qscat + Qabs
(18)

where Qscat and Qabs are the scattering and absorption effi-

ciencies of the aerosol, commonly calculated by Mie theory

assuming spherical aerosols and adopting the aerosol com-

plex index of refraction and a size distribution. The sin-

gle scattering albedo of aerosols is thus determined by the

aerosol size and its composition, that is by its complex in-

dex of refraction, Ñ(λ)=n(λ)+ik(λ); k(λ) is the wavelength

dependent absorption index and n(λ) is the corresponding

refractive index. The interpretation of the single scattering

albedo is that for ω=1 the aerosol investigated is totally scat-

tering and lower the global mean surface temperature; low

values of ω indicate that the aerosols will increase the global

mean surface temperature. Several climate and radiative

model studies have investigated the turnover value and criti-

cal values in the range from 0.85–0.91 are reported (Hansen

et al., 1997; Haywood and Shine, 1995).

9.1 The optical properties of organic compounds present in

tropospheric aerosols

The single scattering albedo is strongly dependent on the re-

fractive and particularly the absorption index in the UV and

visible region. Until now, only soot (with high black carbon

content) aerosols are known to have a positive direct aerosol

forcing, increasing the surface temperature. Only a single

study exists on the complex index of refraction of various

organic aerosol components and mixtures representative of

atmospheric conditions (Myhre and Nielsen, 2004). Conse-

quently, the effect of the individual organic compounds in the

aerosols on the incoming solar radiation is characterized by

a large uncertainty.

Whereas data on the complex index of refraction of mix-

tures of organic components relevant to atmospheric aerosols

is sparse, there are several studies of pure organic liquids and

their absorption index and/or refractive index in the short

wavelength region at a single selected wavelength or in a

wider region (Bertie and Lan, 1995; El-Kashef, 1998; Ja-

cobson, 1999; Li et al., 1994; Marsh, 1987; Räty et al.,

1999). Figures 7a, b summarize the absorption and refractive

indices, respectively, of organic components relevant to the

troposphere. These figures include the optical constants of

some pure organic liquid components (Bertie and Lan, 1995;

El-Kashef, 1998; Jacobson, 1999; Li et al., 1994; Marsh,

1987; Räty et al., 1999), the absorption and refractive index

of lignin dissolved in water (Räty et al., 1999), and selected

optical constants of aqueous organic acids present in tropo-

spheric aerosols, and fog samples (Myhre and Nielsen, 2003;

Myhre and Nielsen, 2004). Finally, a typical literature value
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Fig. 7. Optical constants of pure organic liquids relevant to tropo-

spheric aerosols, organic acids identified in the aerosol WSOC frac-

tion and polluted fog samples. (a)Upper panel: Absorption indices,

k(λ) (b) Lower panel: Refractive index, n(λ).

of soot (Liu et al., 2002) is indicated by solid star in this fig-

ure to show the optical constants of an aerosol component,

which is known to strongly absorp in the atmosphere.

Jacobson (1999) investigated the influence of nitrated and

aromatic aerosols and gases on the extinction processes re-

sponsible for the reductions in the downward solar irradi-

ance in the Los Angeles region. The absorption index of

the aerosol components was derived at the wavelength of

strongest absorption from molar absorption spectra and re-

ported along with corresponding available refractive index

data. Table 11 contains a selection of the optical constants

reported by Jacobson (1999). All the components listed are

observed in the atmospheric particulate matter (Jacobson,

1999 and references therein), in particular in polluted re-

gions. The components with the highest absorption index

in each class of the organic compounds listed in Table 11 are

included in Fig. 7. As mentioned, Jacobson (1999) reported

only the absorption index at one wavelength – the one with

the maximum absorption index. Several of the components

will certainly have absorption tails in the 400–500 nm range;

such as nitrobenzene and nitro phenols (Jacobson, 1999), and

www.atmos-chem-phys.org/acp/5/1053/ Atmos. Chem. Phys., 5, 1053–1123, 2005

Kanakidou (2005), Jacobson (1999)

Organic Carbon Imaginary Refractive Index

OC at SAFARI 
(Kirchstetter, 2004)

BC (Bond and Bergstrom, 2006)

0

AERONET wavelengths:
440, 670, 870, 1020 nm

Organic carbon is not a strong absorber in the red or NIR, either

Numbers represent peak of OC absorption curves (ala Jacobson)
Avg Kirchstetter value for 4 AERONET wavelengths is 0.016, which is much much smaller than BC. 
OC is essentially non-absorbing in the red and near infrared.



4

• Hence, a 3-component retrieval utilizing only the 670, 870, and 
1020 nm wavelengths is not influenced by absorption associated 
with dust or organic carbon. 

• We can compare the “standard” 4-component retrieval to a 3-
component retrieval to determine the effect of non-BC absorbers 
on the BC retrieval.  
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Ouagadougou (North Africa) is known for continuous dust and seasonal 
biomass burning. The mean ratio of BC(4) / BC(3) is 1.02. Most of the 
retrievals (60%) do not indicate a significant discrepancy between BC(4) 
and BC(3), and most of the retrievals indicate a discrepancy of less than 
15%.

60% indicate 
no difference

Level 1.5, sza > 50
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mean = 0.986
std dev = 0.046

slope = 0.954
intcpt = 0.076
R2 = 0.9916
N = 2390
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mean = 1.005
std dev = 0.035

slope = 1.005
intcpt = 0.013
R2 = 0.9956
N = 4464
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Beijing is heavily polluted, and also prone to dust events every 
Spring. The mean discrepancy here is less than 1%, and all of the 
discrepancies are less than 15%.

53% indicate 
no difference

Level 1.5, sza > 50


